Abstract. carbonic anhydrase 9 (cA9) is a glycoprotein present on the surface of cell membranes. It is expressed in 90% of renal cancer cells, but not in normal kidney tissue. Immunotherapy targeting cA9 is underway, and our group has also conducted a clinical trial using cA9 as a cancer vaccine and confirmed the induction of cytotoxic T lymphocytes, with efficacy in some cases. Expression of CA9 antigen in oral cancer has not been reported in Japan, but our results indicate that immunotherapy targeting cA9 might be possible. We immunohistochemically observed the expression of antigens such as cA9, Ki-67, glucose transporter-1 (glUt-1) and p53 in 107 subjects with oral squamous cell carcinoma, and examined their correlation with clinicopathological parameters. Immunostaining analysis showed expression of cA9 in 98% of oral cancer subjects, and the survival rate was significantly lower in subjects with CA9 antigen expression in 50% or more cells (p<0.05). subjects with poorly differentiated, t4 and lymph node metastasis, or stage IV cancer with high CA9 expression (≥50%) had a worse outcome than those with low cA9 expression. Although glUt-1 expression was observed in 98% of subjects, similarly to cA9 expression, no significant correlation between its expression and the survival rate was seen. However, subjects with lymph node metastasis had significantly higher GLUT-1 expression, demonstrating that glUt-1 could be an indicator of lymph node metastasis. Ki-67 was expressed in 92% of subjects, but no correlation with outcome was observed. expression of p53 was noted in 78% of subjects, and it was found that many oral cancers have p53 genetic abnormalities, but no correlation between p53 and outcome was observed. It was confirmed that CA9 antigen is expressed in most oral cancer subjects, suggesting the possibility of immunotherapy targeting cA9 antigen in oral cancer.
Introduction
Among annual deaths of Japanese in 2009, >340,000 deaths were from malignant neoplasms (cancers), of which 6500 deaths (2%) were from oral malignant neoplasms. Many oral malignant neoplasms (oral cancer) are squamous cell carcinoma, and most of them develop in the tongue, with slightly higher frequency in men than in women (1) . Approximately 50% of patients have cervical lymph node metastasis at the time of diagnosis, and the outcome of these patients is poor (2) (3) (4) . In addition, the 5-year disease-free survival rate of patients with oral cancer decreases from 75% in stage I to 22% in Stage IV (5) , indicating that it is important to find markers for early detection of cancers and to develop more effective treatments. carbonic anhydrase 9 (cA9) is a glycoprotein present on the surface of cell membranes. It is absent in normal renal tissue, but is expressed in 90% of renal cell carcinomas (6) . this is a cancer-associated antigen recognized by antibodies, produced by cervical cancer or renal cell carcinoma cells, and is expressed in normal tissues of gastrointestinal tract membranes, bile ducts (7) and skin (unpublished data). recently, many research groups have reported its expression not only in renal cell carcinoma and cervical cancer, but also in bladder cancer, non-small cell lung cancer, breast cancer, head and neck cancer, esophageal cancer, stomach cancer, large intestine cancer, bile duct cancer, sarcoma and chronic myeloid leukemia (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . yoshikawa et al prepared mousederived renal cell carcinoma cells expressing human cA9 antigen. they induced cytotoxic t lymphocytes (ctls) using Balb/c mice with the same anchor motif as human HlA-A24, and identified an amino acid sequence of CA9 antigen-derived peptide that is recognized by ctl. Based on the results, they also conducted a clinical study using cA9 antigen-derived peptide as a cancer vaccine, and confirmed the safety of the peptide treatment and the induction potential of ctl (19) . currently, the principal treatments for oral cancer are surgery, chemotherapy and radiation therapy. However, it is anticipated that immunotherapy will bring about good results. If the expression of CA9 antigen can be confirmed in oral cancer patients, especially in those with a poor prognosis, immunotherapy targeting cA9 will be possible; however, there have been no studies conducted in Japan on the expression of cA9 antigen in oral cancer in Japanese patients.
In this study, we immunohistochemically examined 107 patients with oral squamous cell carcinoma, confirmed the expression of antigens including cA9, and discussed the correlation with clinicopathological parameters.
Materials and methods
Patients. We conducted a study in 107 patients who attended the department of dentistry and oral surgery, Aichi Medical University Hospital between April 1992 and March 2009 and were diagnosed with squamous cell carcinoma according to UICC classification (20) , underwent surgical removal of the tumor, and completed post-surgery treatment. our protocol of this study was reviewed and approved by the institutional review board of Aichi Medical University school of Medicine. the subjects were followed up for a maximum of 60 months after primary tumor removal, and age and gender, tumor site, degree of histopathological differentiation, T classification, N classification and disease stage were used for clinicopathological analysis.
Immunohistochemical staining. Based on the normal method of histopathological examination, samples were fixed with formalin solution, embedded in paraffin, and 4-µm paraffin sections were prepared. After deparaffination, antigen was activated with microwave, endogenous peroxidase was inactivated, attachment of non-specific protein was blocked, and rabbit anti-cA9 antibody (1:500, ab15086, Abcam, cambridge, UK), rabbit monoclonal anti-Ki-67 antibody (1:100, clone: sp6, Abcam), mouse monoclonal anti-glUt-1 antibody (1:200, clone: spM498, thermo, rockford, Il, UsA), and mouse monoclonal anti-human p53 antibody (1:50, clone: do-7, dako, glostrup, denmark) were reacted as primary antibodies overnight at 4˚C. As secondary antibodies, horse anti-rabbit Ig (Immpress™ reagent, Vector laboratories, Inc., cA, UsA) was reacted with cA9 and Ki-67, and horse anti-mouse Ig (Immpress reagent, Vector laboratories, Inc.) was reacted with glUt-1 and p53 for 1 h at room temperature. subsequently, they were developed with 3,3'-diaminobenzadine (dAB) (Wako pure chemical Industries, ltd., osaka, Japan), and counterstained with hematoxylin, dehydrated and encapsulated for microscopic examination. As a negative control, normal rabbit serum or normal mouse serum was used instead of primary antibodies. observation was made with an Axioplan2 and Axiophot2 Universal Microscope (carl zeiss co., ltd., Jena, germany), and digital images were obtained with an Axio Vision 4.5 (carl zeiss co., ltd.). In order to calculate the antigen prevalence, Image J software was used. cancers with a positive rate of cells of 10% or more were considered positive, while those with a positive rate of <10% were considered negative.
Statistical analysis. statView (ver. 5.0, sAs Institute Inc., nc, UsA) was used for statistical analysis. for Kaplan-Meier survival analysis, log-rank test of the clinical samples was used. chi-squared test was used for between-group comparisons. P<0.05 was considered statistically significant.
Results

Clinicopathological parameters and survival rates. table I
shows the characteristics of the subjects. In this study, 107 subjects (61 male and 46 female) with mean age of 63 (range: 20-93) years participated. the most common site of the primary tumor was the tongue in 52 subjects, followed by gingiva (43 subjects), floor of mouth (5 subjects), pharynx (3 subjects), lips (3 subjects) and buccal mucosa (1 subject).
According to the degree of histological differentiation, 48 subjects had carcinomas of well-differentiated type, 45 had moderately-differentiated type and 14 had poorly-differentiated type. According to T classification, 16 subjects had T1, 37 had t2, 28 had t3, and 26 had t4 carcinomas. According to N classification, 65 subjects had N0, 32 had N1, 8 had N3, and 2 had n3 carcinomas. no subject had distant metastasis. According to the disease stage classification, 14 subjects were stage I, 25 stage II, 41 stage III and 27 stage IV.
We examined the correlation between these clinicopathological parameters and the survival rate, and found that subjects with poorly-differentiated type carcinoma had a significantly worse outcome than those with well-(P<0.0001) or moderately-(p<0.005) differentiated type ( fig. 1A) . subjects with t4 carcinoma had a poorer outcome than those with t1 (p<0.005), t2 (p<0.0001) or t3 (p<0.0005) carcinomas (Fig. 1B) . A significant difference was observed between subjects with n0 and those with n1 (p<0.005), n2 (p<0.0001) or n3 (p<0.001) ( fig. 1c) . outcome was poor in subjects with lymph node metastasis. Outcome was significantly different among disease stages; stage IV subjects had a significantly poorer outcome than Stage I (P<0.0001), Stage II (p<0.005) or stage III (p<0.005) subjects ( fig. 1d) .
Expression of antigens in oral cancer. cA9 was stained positive in cancer cell membranes and a part of the cytoplasm, and glUt-1 was stained positive in cancer cell membranes. In normal epithelial tissue, cA9 was stained slightly positive in the basal part of the mucosal epithelium. In most subjects, both Ki-67 and p53 were stained strongly positive in cancer cell nuclei ( fig. 2) . Antigen prevalence and mean positive rate were 98 and 39%, respectively for cA9 antigen (table II), 98 and 37% for glUt-1 antigen, 92 and 34% for Ki-67 antigen, and 78 and 34% for p53 antigen.
Correlation between antigen expression rate and outcome. We examined the correlation between cA9 expression and outcome, and found that subjects with a 50% or higher positive rate had a poorer outcome compared to those with a positive rate of <50% (P<0.05) (Fig. 3) . We defined a positive rate of 50% or higher as 'high expression', and <50% as 'low expression', and further divided the subjects into two groups of well and moderate differentiated type and poorly differentiated type, based on the degree of histological differentiation. In both groups, subjects with high cA9 expression tended to have a poor outcome. similarly, we divided the subjects into t1-3 and t4 groups according to t classification, n0 and N1-3 groups according to N classification, and Stage I-III and stage IV groups based on disease stage, and investigated the correlation with cA9 expression. In all comparisons, groups with high cA9 expression tended to have a poorer outcome, but the difference was not significant (data not shown). the correlation between glUt-1, Ki-67 and p53 antigen expression and outcome was also examined, but no correlation between antigen expression and outcome was observed. In addition, no correlation was observed with cA9 antigen expression (table III) . However, when we examined the correlation between the expression of antigens and lymph node metastasis, glUt-1 had a significant correlation with lymph node metastasis in subjects with a positive rate of 30% or higher (table IV) .
Discussion
In this study, we observed immunohistochemically the cA9, Ki-67, glUt-1 and p53 expression in 107 subjects diagnosed with and treated for oral squamous cell carcinoma, and examined the correlation between the antigen expression and clinicopathological parameters.
As with previous reports (21-23), our analysis on the correlation between clinicopathological parameters and outcome revealed that subjects with poorly-differentiated type (histological differentiation), T4 (T classification), N1-N2 (N classification) or Stage IV (disease stage at diagnosis) oral cancer had a poor outcome, and were confirmed to belong to a common patient group. However, 42 (39%) of 107 subjects had lymph node metastasis in this study, and had a 5-year survival rate of 65%. this indicates that our subjects had a better outcome compared to 30% in previous studies (24).
expression of cA9 and glUt-1 antigens, which was examined in this study, is regulated by hypoxia-inducible factor (HIf-1). generally, HIf-1α leads to ubiquitylation and degradation by the VHl tumour suppressor protein in normal oxygen conditions and accumulates without being destroyed in hypoxic conditions, by the action of prolyl hydroxylase domain containing protein (pHd) and factor-inhibiting HIf-1 (fIH-1) antigens which are expressed by acting as transcription factors (25, 26) . regarding the site of cA9 antigen expression, a study, in which an antibody recognizing cA9 antigen was created, showed its expression in normal tissues of uterine mucous membrane, gastrointestinal mucous membrane including stomach and intestines, and bile duct. Our study later confirmed its expression in the basal part of skin epithelium, and cA9 antigen expression in the basal part of the oral epithelium was observed, although it was weak. regarding its expression in cancer tissues, expression was observed in cervical cancer and renal cell carcinoma, since monoclonal antibodies were made using a cervical cancer or renal cell carcinoma cell line as the immunogen. However, recently there have been studies on the expression of cA9 in many solid tumors including bladder cancer, non-small cell lung cancer, breast cancer, esophageal cancer, stomach cancer and sarcoma.
since, in many studies, patients with cA9 expression had a poor outcome, cA9 has been believed to be a negative prognostic factor (8, (10) (11) (12) (13) (14) (15) (16) . on the contrary, among these solid tumors, there is one study indicating that patients with cA9 expression had a better outcome in renal cell carcinoma (9) . furthermore, cA9 expression was observed in acute myeloid leukemia (AMl), a hematological malignancy, and it was reported that patients with cA9 expression had a better outcome than those without cA9 expression; thus, cA9 is considered a positive prognostic factor in AMl (17, 18) . nonetheless, no study exists on cA9 expression in oral cancers in Japan, and its correlation with outcome is still unknown. nor is there any case report solely on the oral region in the scientific literature. Two studies noted different positive rates of ~27 and 92% for head and neck cancers (27, 28) . In our study, we observed cA9 expression in 98% of the subjects, and considered that cA9 has high prevalence in cancers in the oral region. We also examined the correlation between cA9 expression and survival rate, and found that subjects with a positive rate ≥50% had a significantly lower survival rate compared to those with a positive rate <50%. subjects with poorly differentiated, stage IV, t4 or high n factor cancer had high CA9 expression (≥50%) and a tendency for a poor outcome. These findings confirm that CA9 antigen is highly expressed in oral cancer in the Japanese, and immunotherapy targeting cA9 may be possible in the future. the possibility of using cA9 as a prognostic indicator is suggested, but we believe that its accuracy should be confirmed in studies in a larger number of subjects.
glUt-1, which regulates glucose uptake by cells and promotes glycolysis (29) , is not usually expressed in the epithelium or in benign tumors, but it is expressed in several tumors including head and neck cancers (30) (31) (32) (33) . there are many studies indicating that the outcome of patients with hypoxia with head and neck cancers is poor (34) (35) (36) . In the present study, glUt-1 expression was as high as 98%, but no significant correlation with the survival rate of the subjects was observed. A correlation between glUt-1 and lymph node metastasis was reported in patients with tongue squamous cell carcinoma (37) , and our study also observed a significant correlation between GLUT-1 expression and lymph node metastasis in oral cancer, demonstrating that glUt-1 could be an indicator of lymph-node metastasis.
Ki-67 is a nuclear protein expressed in g1, s and g2 phase (38, 39) , and it adjunctively controls cell proliferation. therefore, the presence of Ki-67 is considered to be a 'proliferation index' of tumors (39) . In oral cancers, patients with tumors with high positivity (92%) or lymph node metastasis had a poor outcome (40) , and many studies indicated that Ki-67 could be an important prognostic factor (41) (42) (43) (44) . similarly, 92% of subjects showed Ki-67 expression in our study. furthermore, Ki-67 expression was seen in ~60% of tumor cells, indicating high cell proliferation of oral cancer. However, no significant correlation was observed with survival rate or cA9 expression.
p53 is a known tumor suppressor gene, and an abnormal p53 protein. due to mutation of encoding genes, it escapes destruction by MdM-2 protein and accumulates so that it can be detected by immunostaining. p53 mutation frequency is believed to be as high as 50% in human cancers (45) . one study (46) indicated low expression of p53 in oral cancer, but many other studies (5,47-49) observed expression of p53 in 50% or more tumors. In addition, there are many studies on oral cancer, especially on the correlation between p53 gene mutation, and outcome (50) and the development of oral cancer (51, 52) . patients with a high expression rate are treatment-resistant and their outcome with treatment is considered to be poor (53) . In this study, we tried to detect mutated p53 genes including those with genetic abnormality by immunostaining, and as a result, 78% of genes in the subjects stained positive, suggesting that many oral cancers have a p53 gene mutation. However, no significant correlation was observed between p53 expression and survival rate.
In conclusion, cA9 antigen was observed in most of the oral cancer patients. Its presence was related to patients' outcome, and it is useful as a target molecule for immunotherapy against oral cancer.
